The rare semileptonic B c → D s,d ℓ + ℓ − decays are studied in the universal extra dimension with a single extra dimension scenario. The sensitivity of differential and total branching ratios, polarization asymmetries of final state leptons to the compactification parameter is presented, both for muon and tau decay channels. Comparing with the standard model, the obtained results indicate that there are new contributions to the physical observables. Considering the ability of available experiments, it would be useful to study these effects. *
Introduction
The decays induced by flavor changing neutral current (FCNC) b → s, d transitions play an important role to test the standard model (SM) and also they are very sensitive to the new physics. The decays of B u,d,s mesons have been intensively studied, and it will make the B physics more complete if similar decays of B c meson are included. Considering the experimental facilities, it is possible to investigate B c decays with present ability of the LHC.
In the rare B meson decays, new physics contributions appear through the modification of the Wilson coefficients existing in the SM or by adding new structures in the SM effective Hamiltonian. Among the various extensions of the SM, extra dimensions are specially attractive because of including gravity and other interactions, giving hints on the hierarchy problem and a connection with string theory.
The models with universal extra dimensions (UED) allow the SM fields to propagate in all available dimensions [1] - [4] . The extra dimensions are compactified and the compactification scale allows Kaluza-Klein (KK) partners of the SM fields in the four-dimensional theory and also KK excitations without corresponding SM partners. Throughout the UED, a model including only a single universal extra dimesion is the Appelquist-Cheng-Dobrescu (ACD) model [5] . The only additional free parameter with respect to the SM is the inverse of the compactification radius, 1/R. In particle spectrum of the ACD model, there are infinite towers of KK modes and the ordinary SM particles are presented in the zero mode.
The experimental and theoretical discussions on the free parameter have been taken a significant part in the literature and the lower bound was commonly taken as 1/R ≥ 250 GeV or 1/R ≥ 350 GeV [6]- [12] . However, later analysis using the ATLAS and CMS data, the bounds increased and in some analysis [13]-[14] 1/R < (700−715) GeV is excluded. Here, we will exclude 1/R < 500 GeV [15] and take the equivalent as the lower bound for the compactification radius.
The This paper is organized as follows. In section 2, we give the effective Hamiltonian for the quark level processes b → (s, d) ℓ + ℓ − with a brief discussion on the Wilson coefficients in the ACD model. We derive matrix element using the form factors and calculate the decay rate in section 3. In section 4, lepton polarizations are evaluated and the last two sections are dedicated to our numerical analysis, discussion on the obtained results and conclusion.
Theoretical Framework
The effective Hamiltonian describing the quark level b → (s, d) ℓ + ℓ − processes in the SM is given by [35] 
where q = p Bc − p D q ′ is the momentum transfer and q ′ = s, d. New physics effects in the ACD model come out by the modification of the SM Wilson coefficients appear in the above Hamiltonian. This process can be done by writing the Wilson coefficients in terms of 1/R dependent periodic functions the details of which can be found in [16]- [17] . That is, F 0 (x t ) in the SM is generalized by F (x t , 1/R) accordingly
where
W and m n = n/R. These modified Wilson coefficients can widely be found in the literature. Here, we will not discuss the details and follow the explanation given in [12] .
In the ACD model, a normalization scheme independent effective coefficient C ef f 7 can be written as
The coefficient C ef f 9
has perturbative part and we will also consider the resonance contributions coming from the conversion of the real cc into lepton pair. So, C ef f 9 is given by
For C 9 , in the ACD model and in the naive dimensional regularization (NDR) scheme we have
where P N DR 0 = 2.60 ± 0.25 and the last term, P E E(x t , 1/R), is numerically negligible.
The perturbative part, coming from one-loop matrix elements of the four quark operators, is 
The normalization is fixed by the data in [39] and κ is taken 2.3. The Wilson coefficient C 10 is independent of scale µ and given by
Matrix Elements and Decay Rate
The matrix elements for B c → D q ′ ℓ + ℓ − can be written in terms of the invariant form factors over B c and D q ′ . The parts of transition currents containing γ 5 do not contribute, so the non-vanishing matrix elements are [40]
The transition amplitude of the B c → D q ′ ℓ + ℓ − decays can be written using the effective Hamiltonian and eq. (9) as with
Finally, following dilepton mass spectrum is obtained by eliminating angular dependence in the double differential decay rate,
where 
Lepton Polarization Asymmetries
Studying polarization asymmetries of final state leptons is an useful way of searching new physics. Therefore, we will discuss the possible effects of the ACD model in the lepton polarization. (i = L, T, N) for the longitudinal, transverse and normal polarizations in the rest frame of
where p ℓ and p D q ′ are the three momenta of ℓ − and D q ′ meson in the center of mass (CM) frame of final state leptons, respectively. The longitudinal unit vector S − L is boosted by Lorentz transformation,
while vectors of perpendicular directions remain unchanged under the Lorentz boost.
The differential decay rate of B c → D q ′ ℓ + ℓ − for any spin direction n − of the ℓ − can be written in the following form
where (dΓ/ds) 0 corresponds to the unpolarized decay rate, the explicit form of which is given in eq. (13). The polarizations P 
Here, P − L and P − T represent the longitudinal and transversal asymmetries, respectively, of the charged lepton ℓ − in the decay plane, and P − N is the normal component to both of them.
The straightforward calculations yield the explicit form of the longitudinal polarization
and the transversal polarization is given by
The normal component of polarization is zero so we have not stated its explicit form here. 
Numerical Analysis
In this section, we will introduce numerical analysis of physical observables. Some of the input parameters used in this work are m Bc = 6.28 GeV , m Ds = 1.968
GeV −2 and τ Bc = 0.46 × 10 −12 s [39]. To make numerical predictions, we also need the explicit forms of the form factors f + , f − and f T . In our analysis, we used the results of [30] , calculated in the constituent quark model and q 2 parametrization is given by
where the values of parameters F (0), a and b for the B c → (D s , D) decays are listed in Table 1 .
In this work, we also took the long-distance contributions into account. While doing this, to minimize the hadronic uncertainties we introduce some cuts around J/ψ and ψ(2s) resonances as discussed in [12] . In the analysis, first the differential branching ratios are calculated with and without resonance contributions and s dependence for the SM and 1/R = 500 GeV are presented in Figures 1 and 2 
One can notice the change in the differential decay rate and difference between the SM results and new effects in the figures. The maximum deviation is around s = 0.32 (0.39) in Figure 1 and s = 0.36 (0.40) in Figure 2 for µ (τ ). The deviation is ∼ 10% and less for 1/R > 500 GeV . Considering the resonance effects, the differential decay rates also differ from their SM values.
To introduce the contributions of the ACD model on the branching ratio, we present 1/R dependent ratios with and without resonance cases in Figures 3 and 4 . The common feature is that as 1/R increases, the branching ratios approach to their SM values and vary in the following ranges for 1/R ≥ 500 GeV , Here, the first value in any branching ratios above is corresponding to the SM, while the second one is for 1/R = 500 GeV , without resonance contributions. A similar behavior is valid for resonance case which can be followed by the figures.
Adding the uncertainty on the form factors may influence the contribution range of the ACD model. However, the variation of the branching ratios, calculated with the central values of form factors, in the ACD model with the SM values, can be considered as a signal of new physics.
The polarization properties of final state leptons give useful clues for new physics. Hence, the dependence of longitudinal polarization on s without resonance contributions are given by Figures 5 and 6 . The longitudinal polarization differ from the SM values slightly. The maximum deviation can be found less than 5%.
In order to clarify the dependence on 1/R, we eliminate the dependence of the lepton polarizations on s, by considering the averaged forms over the allowed kinematical region as
The 1/R dependant average longitudinal polarizations are given in Figures 7 and 8. As it can be seen from the figures, the maximum deviation is 2% for µ channels and 3% for 
Conclusion
In this work, we have studied B c → D s (D)ℓ + ℓ − in the framework of a single universal extra dimension and calculated the contributions to some physical observables. As an overall conclusion, as 1/R → 200 GeV the physical values differ from the SM results. However, considering the lower bound on the compactification factor which is above 500 GeV , there still appears acceptable difference on the differential and integrated branching ratios comparing with the SM results.
The polarization effects in µ channels are either irrelevant nor negligible while in τ channels some small effects are obtained. Under the discussion in this work, studying these decays experimentally can be useful for understanding new physics. [10] P. Biancofiore, P. Colangelo, and F. Fazio, "B → Kη 
